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Preface 
The thesis descnbes studles of decaylng turbulence m fluids (governed by the 
incompressible Navler-Stokes equations), plasmas (governed by the mcompressible 
magnetohydrodynamic (MHD) equations), and dilute polymer solutions (modelled 
by the finitely-Extensible Nonlinear Elastic-Peterlin (FENE-P) model) and has five 
chapters 
CHAPTER 1 A brlef introduction to fluid turbulence and the underlymg Namer- 
Stokes equations is gwen Homogeneous and isotropic turbulence, and some results 
from a phenomen~lo~lcal theory due to Kolmogorov are discussed The equations of 
MHD and the phenomenon of drag-reduction by polymer additives are introduced 
CHAPTER 2 We descnbe analytical and numerical studies[ll of unforced, mcom- 
press~ble, homogeneous, and isotropic, three-dimensional MHD (3DMHD) turbu- 
lence from power-law uutial energy spectra. Our results are confirmed through 
MHD shell-model and 3DMHD direct-numerical simulation (DNS) studies 
CHAPTER 3 We discuss some structural properties of decaymg fluid turbulence 
through DNS studies[2] of the Navler-Stokes equations, with an initial kmetic- 
energy spectrum of the type that develops a cascade of energy to large wavenum- 
bers The results are compared w t h  those from the power-law initial spectra dis- 
cussed in Chapter 2 for 3DMHD turbulence, which do not exhibit such a cascade 
A crossover between non cascade-type and cascade-type behamour is shown for a 
specific set of initial energy spectra 
CHAPTER 4 We descnbe results from a systematic DNS study[31 of pressure fluctua- 
tions in an unforced, incompressible, homogeneous, and isotropic three-dimensional 
turbulent fluid We exhbit  plots of probability distributions of the pressure, the 
spatial pressure-difference, and pressure isosurfaces Results pertaining to the 
pressure-hessian tensor and the pressure gradient, including probability distribu- 
tions of the pressure-gradient and the eigenvalues of the pressure-hessian tensor, 
as  well as alignments between the velocity, the vorticity, and the pressure-gradient, 
relative to the eigenvectors of the pressure-hessian and the strain-rate tensor, are 
presented We e x h h t  nurnencal tests (in the VISCOUS case) of some conjectures for 
the unforced, incompressible, three-dimennonal, inviscid Navler-Stokes equations, 
Xl l l  
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proposed in earlier studies 
CHAPTER 5 We present results from a systematic numencal study141 of the phe- 
nomenon of drag-reduction by polymer additives m decaymg fluid turbulence, within 
the context of a shell-model for the FENE-P equations We exhlblt several new re- 
sults, m particular, a definition of drag-reduction for decaymg turbulence, hltherto 
unobserved features m the temporal evolut~on of the hnetic-energy spectrum, and 
the potential energy spectrum in the FENE-P model. Intermittency m turbulent, 
d h t e  polymer solutions is quantified 
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